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A new inositol derivative could be isolated from the Archaeum Pyrococcus waesei and identified as di-myo-inositol-1, I'-phosphate by ~H, ~jP NM 1~ 
spectroscopy, mass spectrometry and hin la)'er ehromatograpy. In P. woesel, this inositol phosphate represents th  do.,ninant eounterion of K* 
which ranges from 500 to 600 raM. The role of the potassium salt of di-m~,o.inositol-l,l'-phosphate as th rmostabilizer is discussed. 
Archaca; Thormophile; Prote~.n thermostabilization; Intraeellutar ion concentration 
1. INTRODUCTION 
Some hyperthermophilic members of the Archaea 
(Archaebacteria) exhibit strikingly high intracellular ion 
concentrations. For instance, in the cells of the hyper- 
thermophilic methanogens Methanothermus fervidus, 
M. sociabilis and Methanopyrus kandteri high potas- 
sium ion concentrations were found ranging from ap- 
prox. 1 M up to 2.3 M [1,2], counterbalanced by the 
trianionie cyclic 2,3.diphosphoglycerate (cDPG) [1,3]. 
The physiological significance of this high intracellular 
ion concentration is still the subject of speculation. 
Thus, the role ofcDPG as a storage compound has been 
discussed [4-7]. On the other hand, from the tempera- 
ture dependence of the intracellular concentration f K ~- 
and cDPG as well as from the thermostabilizing action 
of the tripotassium salt of eDPG on proteins [I], it has 
been suggested hat both ions play an important role in 
thermoadaptation. 
Interestingly, unusual high K* ions are also present 
in the cells of Pyrococcus woesei, another hyperthermo- 
philic Archaeum growing optimally at 100°C with an 
upper growth limit at 104°C [8,9]. The corresponding 
anion, however, remained unidentified. Here we de- 
scribe the structure of the new organic phosphate which 
presumably counterbalances the positive charge of K + 
within the P. woesei cells. 
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2. MATERIALS AND METHODS 
2.1. Bacteria nd growth conditions 
Cells of P. woesei were grown at 950C under nltroe, en atmosphere. 
The growth medium was composed as described by Zillig et el. [8]. 
2.2. Determination of intracelhdar volume and intracellular content of 
potassium 
The intracellular volume was determined by the centrifugation 
method ll0] using 3HaO and [k~C]sucrose for latmlling total and ex- 
tracellular water. Potassium was determined by flame photometry. 
2.3. Determination fphosphate 
Inorganic phophate was determined by the method of Eibl and 
Lands [11] using the Serve test. The respective samples were pretreated 
with ethanolic Mg(NO~)., solution [12] for quantification f organic 
phosphate. 
2.4. Preparation af the damlnant organic phosphate 
10 g of frozen cells were suspended in 10 ml of distilled water and 
disrupted by three passages through the French Press c¢11. After re- 
moving the cell debris by centrifu8ation a d deproteination by ethanol 
precipitation, the extract was applied to a Q.Sapharos¢ (Sigma) col- 
umn (bed volume: 125 ml). The separation was performed with a linear 
gradient o1"0-0.2 M NH~HCO~. The fractioJm with the highest organic 
phosphate content (elation at 0.04 M NH~CO~) were pooled and 
lyophilized several times to remove the salt. Further purification was 
achieved by preparative thin layer chromatograph~,. T e plates were 
coated with a 2 ram-thick layer of silica gel G-60 (Merck). Chromatog- 
raphy was perlbrmed with a mixture of chloroform/methanol/25% 
ammonia (6:10:5). Usually, he plates were developed twice. For ana- 
lytical purposes organic phosphates were viauali,r~d usinB th~ Hunts 
reagent [I 3]. For preparative purposes, respective areas of the silica 
gel were scraped oft and eluted with water. After lyophilisation the 
sample was applied to a Sephadex G-10 (Pharmaeia) column to re- 
move residual silica material. 
The potaasium salt of heorganic phosphate was prepared by treat- 
ment with Dowex 50W. 
2.5. NMR spectroscopy 
The NMR spectra were recorded with a l:lraker AM 500 NMR 
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spectrometer in D:O. HDO was used as the standard (= 4.80 ppm) lbr 
~H NMR and 50% H.aPO~ (= 0 ppm) for .~tp NMR. 
~H-resonanees (Fig. 2): 
H-I 4,07 ppm ddd .1~,, = 2,5 Hz J~,, = 9.2 Hz J~,e = 8,0 Hz 
H-2 4,33 ppm dd J~,. = 2.5 Hz .l.~,.a = 2,2 Hz 
H-3 3,61 ppm dd J.,~ = 2.2 Hz J.~,.~ = 9,5 Hz 
H-4 3,69 ppm dd I.~,4 = 9.5 Hz J4,~ = 9,5 Hz 
H-5 3.38 ppm dd J4,~ = 9,5 Hz J,,6 = 9,0 Hz 
H-6 3,82 ppm dd J~,a = 9.0 Hz .1~,~ = 9,2 Hz 
~ P-resonance: 
1.08 ppm tr J = 8.0 Hz s with ~H-BB decouplin~ 
2,6. Mas~" spectrometry 
Negative liquid secondary ion ~nass pectra were obtained with the 
mass spectrometer MSQ 30 from Finnigan MHT, Bremen, equipp~ 
with a cesium gun from HMD Inteeta GmbH, Harpsledt, Glycerol 
was used as matrix, the Cs-ions had 10 kV energy and approx. 4,uA 
ion current, 
2,7. Alkaline hydrolysis of the organic phosphate 
1 ~tg of the organic phosphate was hydrolyzed by incubation with 
approx, 400/.tl of l0 N NH~OH in a sealed glass vessel at 110°C for 
18 h. NH~OH was then removed by evaporation in a Speed Vac 
eon~ntralor (Savant). 
3. RESULTS AND DISCUSSION 
3.1. Identification of the dominant organic phosphate #t 
P. woesei 
Thin layer chromatography of ethanol extracts of P. 
woesei yielded 3 low-molecular weight compounds, giv- 
ing positive reaction with the Hanes reagent (Fig. I, lane 
1): inorganic phosphate (A), organic phosphate (B) and 
a not yet identified uncharged organic compound (C)0 
which, however, does not contain phosphate. 
The organic phosphate compound was purified to 
homogeneity by anion exchange chromatography, thin 
layer chromatography and gel filtration. 
From NMR studies, the dominant organic phosphate 
could be identified as di-myo-inositol-l,l'-phosphate 
(DIP). 
The structure of the polyol has been derived from the 
shift values and coupling constants in the tH NMR 
spectra (Fig. 2). The connectivities of the resonance 
lines were confirmed by two dimensional H/H-correla- 
tion spectra (COSY). The dieder angles have been calcu- 
lated using the Karplus equation. 
The triplet structure of the ~tp resonance (Fig. 3) is 
the consequence of add structure arising from the two 
adjacent inositol hydrogens with a three-bond spin cou- 
pling aJJ, H = 80 Hz. By broad bond hydrogen decou- 
piing, this sig,aal is coalescing to a singlet. 
The mass spectrum showed a M-H ion m/Z 420; this 
and the fragment m/z 241 (C~H~ tOPO2-H) and m/z 259 
(C~H~OPO~H) are in agreement with the proposed 
structure (Fig. 3). 
Further evidence for the correct structure came from 
hydrolysis e~periments. As expected from the proposed 
structure, alkaline hydrolysis yields inositot and inositol 
phosphate as analyzed by thin layer chromatography 
(Fig. 1, lane 5). The stereochemical configuration of 
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Fig, 1. Thin layer chromatography of ethanol extract of P, woeseL 
(Lane 1) Ethanol extract of P, woesei; (lane 2) co-chromatography of 
purified DIP, myo-inositol (top) and myo-inositol-l-phosphate; (lane 
3) purified DIP; (large 4) myo-ino~itol.l-phosphate; (lane 5) alkaline 
hydrolysis of DIP. 
myo-inositol-l-phosphate, however, remains to be de- 
termined. 
DIP represents a new inositol derivative. Another 
inositol derivative from Archaea, L-myo-inositol-1- 
phosphate, has ah'eady been described as the polar 
headgroup moiety of membrane ther lipids [14,15]. 
Thus, like Eucarya but unlike Bacteria, members of 
Arechaea re able to synthesize inositol. 
Studies on the biosynthesis of inositol and its deriva- 
tive DIP in P. it,oesei are currently underway. 
3.2. httracellular concentration of K + and DIP hz 
P. woesei 
Due to the high susceptibility of P. woesei to cell lysis, 
the intracellular K + concentration could only be deter- 
mined rather inaccuratly. Concentration values ranging 
ft'om 500 to 600 mM were obtained from five indepen- 
tent measurements. 
Attempts to quantify the intracellular D1P concentra- 
tion were performed in crude extracts using a~p NMR 
spectroscopy with 2 mM glucose-6-phosphate s the 
internal standard. The dilution factor was determined 
for calculating the intracellular concentration from the 
K ~- content of the crude extract. The deduced DIP con- 
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Volume 306, number 2,3 FEBS LETTERS July 1992 
A 
INTEGRAL 
/ 
/ 
/ 
4.8 44  ' ' 3'.6 4 ,0  
@ 0 i ,O  MW 
0 
°~ 
4 , 
@ ~ :'. 
1UO0 
2000 
2200 
@'.2 
Pl~a 
,.', 4;2 4~o ,~18 ,,'.,~ a~ 
.QPM 
Fi~. 2. (A) ~H NMR spectrum of the dominant organic phosphate in P. woesei. (B) H/H-correlation Sl~ctrum (cosy) of di.myo-inositol-l,l'- 
phosphate in D:O. 
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Fig. 3. Structure model of L-di.myo-ino~itol-l-l'-phosphate, one of 
th ~ . two stereoisomers of di-myo-inositol-I-l'-phosphatc. 
centration ranges from 500 to 900 raM. Therefore, we 
speculate that DIP represents the main counter ion of  
K ÷ in P. woesei cells. To confirm this assumption, how- 
ever, a more detailed analysis of  the intraeellular cation 
and anion content o f  P. woesei must be performed. 
3.3. Thermostabilizing action of DIP 
As shown in a previous publication [9], the intrinsic 
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Fig. 4. Thermostabilization of the P, woesei GAPDH by DiP: compar- 
ison of the stabilizing action to other potassium and sodium salts. The 
incubation was performed for 30 min at 103°C under anaerobic condi- 
tions. The enzyme concentration was 80/xg/ml. the concentration f
the salts 115 raM. 
thermostability of the glyceraldehyde-3-phosphate de- 
hydrogenase of P. )voesei s too low for the growth 
range up to 104°C. In order to test whether K + and its 
presumed counterion DIP are able to stabilize the en- 
zyme against hermoinactivation, the enzyme was incu- 
bated in the presence of the potassium salt of DIP. The 
test conditions were the same as described by Zwiekl et 
al. [9]. Limited by the available amount of DIP, the 
stability tests could only be performed with salt concen- 
trations up to 115 mM. As compared to other salts, the 
potassium salt of DIP proved to be the most efficient, 
also at a eonceetration sigifieantly lower than that in 
vivo (Fig. 4). Thus, we assume that the potassium salt 
of DIP acts as thermostabilizer in vivo. However, we 
cannot exclude that this new inositol derivative also 
performs other functions, e.g. as phosphate or carbon 
reservoir. 
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